Background: Although healthcare quality has considerably improved in many countries, pressure ulcer is still a major health challenge worldwide. Objectives: The current study aimed to evaluate the effects of TWOT on the healing of pressure ulcers. Patients and Methods: This study was a randomized controlled trial, and the convenient sample including 100 patients hospitalized in two university-affiliated medical-surgical intensive care units and one neurology unit located in Qazvin, Iran were studied. Patients with stage II-IV pressure ulcer on the sacral or ischial areas were randomly assigned to either the control or the experimental groups. The experimental group received a 12-day transdermal wound oxygen therapy. Wound status was assessed seven times before the intervention, as well as two, four, six, eight, ten, and twelve days after the intervention. Results: After 12 days of wound oxygen therapy, the number of patients with complete wound healing in the experimental group was significantly greater than that of the control group. Moreover, the total mean of wound area in the experimental group was significantly lower than that of the control group. Conclusions: Transdermal wound oxygen therapy can effectively promote wound healing in patients with pressure ulcers.
Background
Pressure ulcer is one of the major healthcare challenges (1) . Although health care quality has considerably improved in many countries, pressure ulcer is still a common problem worldwide (2) . The prevalence of pressure ulcers in the USA is about 25% (3) . In Iran, the prevalence varies widely from 10% to 50% (4) .
Pressure ulcers are usually developed secondary to insufficient blood supply, ischemia, and tissue necrosis over bony prominences. Tissue necrosis happens due to the compression of soft tissue between bony prominences and external pressure (5) (6) (7) .
Pressure ulcers are associated with many serious complications such as infection and sepsis. Moreover, pressure ulcers also increase the length of hospital stay and the health care costs (8) (9) (10) (11) . Since 1993 to 2006, the prevalence of pressure ulcers in hospitalized adult patients has increased by 80%, imposing about US$11 billion on healthcare systems (12) . The cost of treating a pressure ulcer in the UK varies from £1064 (stage I ulcer) to £10551 (stage IV ulcer) and the total cost is about £1.4 -2.1 billion a year. It is also estimated that pressure ulcers can increase the cost of nursing cares up to 50% (13, 14) .
One of the new interventions developed to treat pressure ulcers is transdermal or topical wound oxygen therapy (TWOT). Studies show that delivering oxygen directly to the wound site accelerates the angiogenesis, the collagen synthesis, the fibroblast growth processes, and suppresses the bacterial growth, which in turn facilitate tissue regeneration (3, 15, 16) . This method has several advantages, including fewer complications and lower costs and more safety (17) . Despite the potential effects of TWOT on wound healing, pressure ulcers are mainly managed pharmacologically. Therefore, there is a literature reporting the application of topical oxygen to heal wounds (15) , and the results of researches declared that TWOT positively affected the pressure ulcers healing process (18) (19) (20) or had less significant effect on healing the pressure ulcers (21) . Although there were not such researches in Iran; and well-designed clinical trials are needed to prove this notion.
Objectives
The current study aimed to evaluate the effects of TWOT on the healing of pressure ulcers.
Patients and Methods
It was a single-blind multi-center randomized controlled trial conducted in 2009.
Participants
A convenient sample of 100 adult patients hospitalized in two general state university-affiliated medical-surgical intensive care units and one neurology unit located in Qazvin, Iran were recruited. The Inclusion criteria were being at least 18 years old with a stage II-IV pressure ulcer, according to the University of Texas wound classification system (5), on the sacral or ischial areas. The exclusion criterion was having any kind of peripheral vascular diseases such as diabetes and mellitus-induced vascular complications. The coin-tossing method and block randomization technique (five blocks and ten samples in each block) were used to randomly assign the patients to either the control or the experimental groups.
The participants consisted of 100 patients with pressure sore enrolled in the study based on convenient sampling method. One patient from the intervention group and two patients from the control group were excluded. Patients or their families were blind for allocation; therefore, it is a single blind research.
Sample Size
The total sample size was 50 for each intervention and control group. The sample size was calculated based on the prior studies considering 95% confidence level; 80% power, d = 1 and σ = 1.8. The sampling formula was:
Intervention
Patients in the control group received only the routine care of the study setting. Patients in the experimental group received the routine care of the study setting in addition to TWOT. TWOT consisted of direct application of humidified high pressure ten liters per minute oxygen to the wound site for 20 minutes, three times a day for 12 days. A disposable catheter was used to deliver oxygen to the wound site. Thereafter, wound dressing was applied by using saline-soaked gauzes. Dressing was changed once in every working shift. This type of dressing was used to minimize wound site irritation and to promote patients' comfort. All the interventions were implemented by a nurse holding B. Sc. and experienced in wound care.
Data Collection
The primary outcome measure was the wound status. To assess the wound status the Pressure Ulcers Scale for Healing (PUSH) was employed (22, 23) . PUSH was developed by the national pressure ulcer advisory panel in 1991. The validity and reliability of PUSH were confirmed in previous studies (17, 23) . Wound area was measured in square millimeters by a standard sterile graded clipper. Wound status was assessed before and every 48 hours after the beginning of the intervention. Accordingly, wound status was assessed seven times, i.e., before the intervention (T1), as well as two days (T2), four days (T3), six days (T4), eight days (T5), ten days (T6), and twelve days (T7) after the intervention. According to the average patient stay in the units (12 days) and limited resources, the intervention was carried out for 12 days. And wound assessment was performed by two educated nurses. The inter-rater reliability coefficient was 0.97.
Data Analysis
The Statistical Package for Social Sciences version 17.0 (SPSS v.17.0; SPSS Inc., Chicago, IL, USA) was employed for data analysis. To analyze the study data, descriptive statistics measures such as percentage, mean, and standard deviation were used. First the Kolmogorov-Smirnov test was performed, which confirmed the normality of data. The study groups were compared in terms of the study variables by the independent-sample t-test, the binominal, and the Chi-square tests. Moreover, the repeated measures analysis of variance (ANOVA) test was used to compare changes in the wound status across the seven assessment time-points. P values less than 0.05 were considered as significant. The effect of other variables such as gender, age and other confounding factors were transferred into the model.
Ethical Consideration
Ethical consideration (including plagiarism, research misconduct, data fabrication or falsification, redundancy, double submission, etc.) was completely observed by the authors. The university-affiliated institutional review board and ethics committee approved the study (No: k 2635/20/28). Study participants were informed that participation in and withdrawal from the study were voluntary. It was ensured that the patients' personal information will be analyzed and reported anonymously. Finally, they were asked to read and sign the informed consent form of the study. The ethical code number and further ethical consideration is in IRCT website (the registration number: IRCT138708051407N1).
Results
Totally, 100 patients, 50 patients (males 48% and females 52%) in the intervention group and 50 patients (males 52% and females 48%), participated in the control group in the study (Figure 1) . The results of the independent-samples t-test and Chi-square test showed that the control and the experimental groups did not differ significantly in terms of age, gender, previous history of cerebrovascular accident, level of consciousness, mobility, and baseline wound stage and wound area (P value > 0.05; Table 1 ). On the other hand, after 12 days of TWOT, the number of patients with complete wound healing, defined as complete epithelialization of the wound with the absence of drainage, in the experimental group (sixteen patients) was greater than that of the control group (only one patient). The results of the binominal test revealed that this difference was statistically significant (P value < 0.001).
Moreover, the results of the repeated measure ANOVA test for the within subjects factor of time showed that the wound area differed significantly across the seven assessment time-points in the experimental group (P < 0.001; Table 2 ). However, the results of this test in the control group indicated that, the wound area did not differ significantly across the assessment time-points (P value = 0.16; Table 2 ). On the other hand, the results of the independentsamples t-test showed that the study groups significantly differed in terms of wound area on sixth, eighth, and twelfth days (P value< 0.01; Table 2 ). Moreover, the results of this test revealed that the total mean of wound area in the experimental group was significantly lower than that of the control group (P value < 0.001; Table 2 ). 
Discussion
The current study aimed to evaluate the effects of TWOT on the healing of pressure ulcers. The study findings revealed that TWOT positively affected the pressure ulcers healing process. This finding is in line with the findings of the previous studies (3, 4, (24) (25) (26) .
It was also found that the number of patients with complete wound healing was greater in the experimental group than the control group. Tawfick and Sultan also evaluated the effects of TWOT on the healing of venous ulcers and reported that 80% of the patients in the experimental group and only 35% of patients in the control group experienced complete wound healing (20) . Robson et al. evaluated the cost-effectiveness of transdermal oxygen therapy in the treatment of necrotic ulcers and reported that in the experimental group, the wound healing rate was significantly higher than that of the control group (19) .
Transdermal wound oxygen therapy can effectively promote wound healing in patients with pressure ulcers. Compared to the expensive wound management approaches, using a simple catheter to deliver oxygen to the wound site bears no considerable cost. Therefore, transdermal wound oxygen therapy is a cost-effective method to treat pressure ulcers. This simple method is recommended as an alternative strategy to treat pressure ulcers. However, further studies are still needed to provide more evidence on the effectiveness of transdermal wound oxygen therapy.
Patients with diabetic foot ulcers were not included in the current study. Therefore, conducting studies to assess the effect of TWOT on diabetic foot ulcers is recommended. Moreover, the current study only assessed the effectiveness of TWOT in the healing of pressure ulcers located on the sacral and ischial areas. Consequently, further studies are recommended to examine the effectiveness of TWOT to treat pressure ulcers located on the other parts of the body. Finally, according to the relatively small sample size of the current study, studies with larger sample sizes are recommended.
